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Offshore wind has the potential of becoming an important pillar of the future European energy system. It 
can contribute to policy objectives on climate change, energy security, green growth and social progress. 
However, the large potential of offshore wind does not automatically lead to a large share in future 
energy systems; neither does the emergent stage of development of the technology. Recent insights in 
innovation studies suggest that the success chances of technological innovations are, to a large extent, 
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determined by how the surrounding system—the innovation system—is built up and how it functions. In 
this paper we assess the offshore wind innovation systems of four countries: Denmark, the UK, the 
Netherlands and Germany with the objective to provide recommendations for strengthening the overall 
European offshore wind innovation system. We use the Technological Innovation System (TIS) approach 
to analyse the system in 2011. Based on the analysis we identify a number of challenges that the 
European offshore wind sector faces. Some of them include: a serious deficiency of engineers; 
fragmented policies and poor alignment of national regulatory frameworks; cost of the technology and 
limited grid infrastructure. Since the problems hinder the entire system development we call for a 
systemic policy instrument that would support the innovation system around this technology and 
contribute to its wider diffusion in Europe. 

© 2013 Elsevier Ltd. All rights reserved. 
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1. Introduction 


The development and diffusion of offshore wind energy technology 
is important for European energy policy [1,2]. Firstly, there is a large 
amount of potential: the European Wind Energy Association (EWEA) 
expects 150 GW of offshore wind capacity to be realised in 2030, 
which would supply 14% of Europe's electricity demand [3]. The 
technical potential of offshore wind in Europe is estimated at 
5800 GW [4] and allows for even further expansion after 2030. 
Offshore wind has thus the possibility of becoming an important pillar 
of the future European energy system, contributing to policy objectives 
on climate change, energy security and affordable energy [5]. Secondly, 
the technology is in the early stages of technological development and, 
therefore, many business opportunities can be reaped in this emerging 
sector and thereby contributing to green economic growth. However, a 
large potential does not automatically lead to a large share in future 
energy systems; neither does an emergent stage of technological 
development automatically lead to success for companies and the 
related economic growth and growth in employment. Innovation and 
technological change are by definition very uncertain processes. 
The outcomes are strongly determined by processes of chance and 
by external events that can hardly be influenced. Nevertheless, the 
scientific community that studies innovation has shown that a 
conscious and intelligent management of innovation processes 
strongly increases the success chances of innovation [6,7,9]. 

The most important insight that has dominated the field of 
innovation studies in the recent decades is the fact that innovation 


Table 1 
Description of the seven key processes of innovation systems. 


is a collective activity and takes place within the context of an 
innovation system. The success chances of innovations are, there- 
fore to a large extent, determined by how the innovation system is 
built up (defined as structure of the innovation system) and how it 
functions. Many innovation systems are characterised by flaws that 
hamper the development and diffusion of innovations. These flaws 
are often labelled as system failures [6]; or system problems [7]. 
Intelligent innovation policy therefore evaluates how innovation 
systems are functioning, tries to create insight into the system 
problems and develops policies accordingly. 

This paper assesses the offshore wind innovation system of four 
countries: Denmark, the UK, the Netherlands and Germany with 
the objective to provide recommendations for strengthening the 
overall European offshore wind innovation system. We chose the 
countries mainly because of their largest installed capacity in 
2011 (the UK—1586 MW, Denmark—854 MW, the Netherlands— 
247 MW and Germany—195 MW [3]). The second reason is the 
potential high contributions of these countries to European off- 
shore wind. We use the Technological Innovation System (TIS) 
approach to analyse the state of the system in 2011. We also 
identify the weaknesses that may hinder its further development. 

The paper is structured as follows: Sections 2 and 3 describe 
the theory and methodology applied in this paper. In Section 4 we 
look into the structure and functioning of the innovation systems in 
the UK, Denmark, the Netherlands and Germany. The paper closes 
with concluding remarks in Section 5 on challenges of the 
European offshore wind innovation system. 


Key process 


Experimentation 


Description 


Entrepreneurs are essential for a well functioning innovation system. Their role is to turn 


by the potential of new knowledge, networks, and markets into concrete actions to generate 
entrepreneurs —and take advantage of—new business opportunities. 
Knowledge Mechanisms of learning are at the heart of any innovation process, where knowledge is a 


development 


fundamental resource. Therefore, knowledge development is a crucial part of innovation 
systems. 


Knowledge To learn relevant knowledge needs to be exchanged between actors in the system. 
exchange 
Guidance of the This system function refers to those processes that lead to a clear development goal for 
search the new technology based on technological expectations, articulated user demand and 
societal discourse. This process enables selection, which guides the distribution of 
resources. 

Market This process refers to the creation of markets for the new technology. In early phases of 
formation developments these can be small niche markets but later a larger market is needed to 
facilitate cost reduction and incentives for entrepreneurs to move in. 

Resource The financial, human and physical resources are necessary basic inputs for all activities in 

mobilisation the innovation system. Without these resources, other processes are hampered. 
Creation of Innovation is by definition uncertain. A certain level of legitimacy is required for actors to 
legitimacy commit to the new technology with investment, adoption decisions, etc. 


Diagnostic question 


Are there sufficient? and suitable types of actors 
contributing to entrepreneurial experimentation and up- 
scaling? 

Are the amount and type of experiments of the actors 
sufficient? 

How much technological up -scaling takes place? 

Are there enough actors involved in knowledge 
development and are they competent? 

Is the knowledge sufficiently developed and aligned with 
needs of actors in the innovation system? 

Are there sufficient networks or connection between 
actors through which knowledge is exchanged? 

Do actors and institutions provide a sufficiently clear 
direction for the future development of the technology? 


Is the size of the market sufficient to sustain innovation 
and entrepreneurial experimentation? 


Is the availability of financial resources sufficient? 

Are there sufficient competent actors/well trained 
employees? 

Is the physical infrastructure sufficient? 

Do actors, formal and informal institutions sufficiently 
contribute to legitimacy? 

How much resistance is present towards the technology, 
project set up or permit procedure? 


* Since innovation does not recognize an optimum, it is impossible to judge whether there is enough of it. Our discussion on the sufficiency of innovative activity in the 
areas defined by the system functions is, therefore, based on the qualitative evaluation of the capacity of the four analysed systems to grow and accelerate. At the same time 
we refrain from any quantitative assessment in the context of reaching the European and national targets. 
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2. Innovation system theory 


Innovation systems highlight the interaction between actors 
who are needed to turn an idea into a successful process, 
product or service in the marketplace. A Technological Innovation 
System (TIS) can be defined as the set of actors and rules that 
influence the speed and direction of technological change in a 
specific technological area [8-10]. The purpose of analysing a TIS is 
to evaluate the development of a particular technological field in 
terms of the structures and processes that support or hamper it. 
The identified obstacles in structure and processes may then be 


easier addressed by a policy. By this, the TIS analysis forms an 
analytical building block of a systemic policy framework that helps 
identify and address the obstacles in a systematic and coherent 
way [7]. 

The structure of the innovation system consists of four types of 
components: (i) actors, (ii) institutions and (iii) interactions, 
operating within (iv) specific infrastructure (for a more elaborate 
description of the components see [7]) 


1. Actors involve organisations contributing to a technology such 
as a developer or adopter, or indirectly as a regulator, financer, 
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Fig. 1. Dutch actors involved in the Dutch and foreign projects along the value chain in 2011. Note: The value chain figures show only the main actors and are therefore 
purely indicative. We do not strive to be exhaustive here but in the analysis we fully acknowledge the dynamics in the field. For example one of the missing Dutch companies 
in the 4C database and in this figure is Econcern/Evelop. The company developed projects in UK (1), Belgium (1) and Germany (4) and was an important player in the Dutch 


value chain but went bankrupt and does not exist anymore [18]. 
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Fig. 2. The UK and international actors involved in UK offshore wind projects along the value chain. 
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etc. It is the actors of a TIS that, through choices and actions, 
generate, diffuse and utilise technologies. 

2. Institutions encompass common habits, routines and shared 
concepts used by humans in repetitive situations [11]. By this 
they are different from organisations (such as firms, universi- 
ties, state bodies, etc.) [12,13]. Formal institutions encompass: 
policy goals, rules, laws, regulations, instructions. Informal 
institutions encompass: visions, customs, common habits, 
routines, established practices, traditions, ways of conduct, 
norms, and expectations. Institutions constrain and enable 
actors in the innovation system to undertake actions related 
to innovation. 

3. Interactions take place between actors through networks. These 
interactions are essential for e.g. knowledge exchange, learning, 
innovation, and shared vision building. 

4. Infrastructure consists of: physical, financial and knowledge 
infrastructure. Physical infrastructure encompasses: artefacts, 
instruments, machines, roads, buildings, telecom networks, 
bridges, harbours. Knowledge infrastructure includes: knowl- 
edge, expertise, know-how, strategic information. Financial 
infrastructure includes: subsidies, financial programmes, 
grants, venture capital, etc. 


The structural analysis of systems is based on mapping its elements 
and evaluating their capacity to stimulate innovation. The structural 
elements, their presence or absence as well as their capacities are 
critical to the functioning of the innovation systems [7]. 

However, even though different innovation systems may have 
similar components, they may function in an entirely different 
way. Therefore, measuring how innovation systems are function- 
ing is considered a big breakthrough in innovation systems 
research. Table 1 presents criteria that have been proposed in 
the literature [8] to evaluate how innovation systems are function- 
ing. These assessment criteria are labelled in the literature as key 
processes of innovation systems or system functions. In order to 
empirically evaluate the key processes a set of diagnostic ques- 
tions are used (Table 1). 

The structure and key processes complement each other. While 
key processes are more evaluative in character and allow to assess 
the performance of an innovation system; the structure is what 
needs to be adjusted to allow for better system functioning. In 
other words: the key processes, if badly fulfilled, signal problems 
in the structure. By identifying where the problems are within the 
system they can easier be addressed by policy. For example, 
weakness of the function knowledge development may be caused 
by the lack of knowledge institutes providing appropriate courses 
and educating people that can work with the new technology. 


3. Methodology 


The analysis focuses on the UK, Denmark, the Netherlands and 
Germany because of their largest installed capacity in 2011 and 
potential contribution to European offshore wind industry. We 
analyse how the innovation systems function based on qualitative 
and quantitative information from several sources: scientific and 
industrial literature, patent analyses, European project collabora- 
tion, 4C Offshore Wind Database (version October 2010), and over 
30 stakeholders' interviews (see reference list; due to confidenti- 
ality reasons not all names and functions can be published). 
During the interviews, experts and stakeholders from the UK, 
Denmark, the Netherlands and Germany were asked to express 
their views on the functioning of the national TISs in the European 
context following the diagnostic questions presented in Table 1. 

We then compare the functioning of the national TISs and 
draw, wherever possible, general conclusions for the European 
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Fig. 3. Overview of wind motor patents from Vestas over time. x-axis: year, y-axis: 
no of patents. 


offshore wind TIS. Based on the data we score each system 
functions for all four innovation systems using a 5-tier scale of 
absent-(1), weak-(2), moderate-(3), strong-(4), excellent-(5). This 
is graphically presented in Fig. 7. 

The analysis has been reviewed by 10 offshore wind experts, 
which provided additional information about the systems. Based 
on their feedback and the coupled structural-functional analysis 
we identify the system weaknesses that block the functioning of 
the four analysed TISs and have impact on the formation of the 
European offshore wind TIS. 


4. Analysis of innovation system functioning 
4.1. Experimentation by entrepreneurs (F1) 


To evaluate entrepreneurial experimentation in the four ana- 
lysed countries we studied the number and the type of actors 
involved in the offshore wind sector (incumbents! vs. start-ups), 
the number and type of experimental projects of these actors, 
actors' involvement in national versus international projects and 
specialisation along the value chain. 

Figs. 1 and 2 present the value chain for offshore wind in the 
Netherlands and the UK. The value chains for Germany and 
Denmark are not provided due to space limitations. Analysis of 
the value chains leads to the following observations: 


1. Both figures show that despite the technology is still in an 
infant stage, a wide range of actors are present in the value 
chain. Interestingly, both incumbent actors from other fields 
and many new entrants are present. Important incumbents are 
the utilities (e.g., RWE (DE) and (DK)), oil and gas companies 
(Shell (UK, NL)), engineering firms (Siemens (DE)), offshore 
companies (van Oord (NL) and Mammoet (NL)) and financial 
firms (Typhoon Capital (NL)). Established companies that are 
diversifying into offshore wind bring the necessary capabilities 
to this emerging sector. From an innovation perspective, involve- 
ment of such (incumbent) companies effectively serves the 
purpose of knowledge cross-fertilisation, investor confidence 
and eventually the expansion of the offshore wind market. 

2. The development, operation and management of wind farms 
are predominantly carried out by national companies and so is 


1 The term incumbent in innovation studies denotes an existing usually large 
company that has a stable position in the market. 
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the ownership of the projects. Large utilities such as E-on (DE), 
Centrica (UK), RWE (DE), Nuon (NL), Dong Energy (DK) and Eneco 
(NL) dominate as owners, developers and operators of the farms. 
This dominance is observable mostly in the UK and least in 
Germany where only 39% of approved offshore wind projects 


are owned by large utilities. The remaining shares in German wind 
farms are held by a great number of developers, financial investors 
and municipal utilities [14]. As such, Germany can be characterised 
by a more dispersed wind park ownership structure compared to 
the UK, Denmark and the Netherlands. 


AJ. Wieczorek et al. / Renewable and Sustainable Energy Reviews 26 (2013) 294-306 299 


= Consented 


m Under construction 


= Online 


Countries 


Fig. 6. Overview of MW installed (online), consented and under construction per 
country [3]. 


Entrepreneurial 
activities 
5 


=== Offshore wind TIS 


Knowledge 
Netherlands 


development 
= Offshore Wind TIS 
Denmark 


—— Offshore Wind TIS UK 


Resources| _ L} = Knowledge 
mobilisation diffusion 
NORV RTF ae Offshore Wind TIS 
x Pa Germany 
Market... \ Guidance of 
formation the search 


Fig. 7. Comparison of system function fulfillment in four analyzed countries. 


The Dutch actors are very internationally oriented and specia- 
- lise in offshore construction [15-17]. There are more Dutch 
companies, especially offshore construction firms e.g. Ballast 
Nedam, Van Oord, Mammoet present in the foreign value 
chains (see Fig. 1) than the English firms (see Fig. 2). Moreover, 
contrary to the UK, a greater number of Dutch companies are 
involved in international rather than domestic projects. This 
implies that the Netherlands has got a very well developed 
construction industry (foundations, substations, and wind farm 
installation) for which the national market is too small. The 
involvement of Danish and German companies in national and 
international projects is relatively equally spread. 

. The UK innovation system seems most open to foreign actors 
and misses a strong industrial base. Fig. 2 depicts the UK 
offshore wind value chain and discerns UK actors (bottom) 
from actors from abroad (top).? There are more non-UK than 
UK companies all along the UK value chain. This is not 
surprising. The UK, unlike Germany and Denmark, does not 
have a single manufacturer of the required 3-7 MW+ wind 
turbines. Also, the value chain for local components is small 
and not very complete [19], while in 2010/2011 the UK had the 
highest installed capacity and more offshore wind farms than 
any other European country. This indicates that the UK has got 
a developed market (demand) but a small national industry 
(supply) [20]. 

. Two wind turbine manufacturers: Siemens (DE) and Vestas 
(DK) dominate in Europe, having supplied 51% and 39% 
respectively of installations in 2011. These two companies are 
followed by REpower (DE/IN)? (3%), Areva (FR/DE)( < 1%) and 
Bard (DE)(1%) [58]. EWEA [58] lists also a number of new 
entrants to the offshore wind turbine manufacturing business, 
such as Bard (DE) and Nordex (DE), both developing large 


? Note the difference with Fig. 1 that depicts the value chain for Dutch actors, 


not the value chain in the Netherlands. 


3 With major shares of Shuzlon (India). 


6 MW+ wind turbines. Other newcomers from outside of the 
four analysed countries but important for the entire European 
offshore wind innovation system include: Alstom (FR), AMSC 
(US), Condor (UK/IT), DSME (KR), Envision (CN), Gamesa (SP), 
GE (US), Goldwind (CN), Northern Power Systems (US), Sam- 
sung (KR), Ming Yang (CN), Sinovel (CN), Hyundai (KR) and 
XEMC-Darwind (CN/NL) [18,19]. 

6. Similarly, the substructure supply is dominated by established 
companies such as BiFAB (UK), Bladt (DK), Sif (NL), and 
Smulders (NL); with a few new entrants such as Heerema 
(NL), EEW (DE), Strabag (DE) and Weserwind (DE) [3]. The 
presence of new entrants in the system is important so that the 
levels of competition and technology price stabilisation are 
increased. Their emergence also indicates that the value chains 
are quite dynamic. 

7. The range of subsea high voltage cable suppliers however is 
limited and none of the established suppliers are located in the 
analysed countries: ABB (SE/CH), Nexans (FR) and Prysmian 
(IT). NKT (DE) and General Cable (US) are the only new entrants 
to high voltage cable market. 

8. The leading suppliers of vessels in Europe are A2Sea (DK) and 
Ballast Nedam (NL), Seaway Heavy Lifting (NL) and Jumbo (UK). 
According to EWEA [3] there are hardly any new entrants in 
this field and none from any of the four analysed countries. 
Some sources [21] expect a number of new vessels to start 
operating at several European offshore wind farms in 2012. 
However, if the new vessels do not start operating and the field 
develops further, the current cable and vessels suppliers may 
face manufacturing capacity limits [3]. 

9. We observe large specialisation differences along the value 
chain per country. Where Denmark and Germany dominate in 
terms of wind turbine manufacturing and related capabilities, 
the Dutch heavily specialise in offshore construction. The UK 
does not have such a strong national industry and is very 
dependent on foreign actors to fulfil their national ambitions. 
From the European offshore wind TIS perspective this specia- 
lisation along the value chain is not problematic, because the 
four countries seem to complement each other. Similarly, the 
limited number of the UK actors in the UK value chain is not 
problematic either as long as foreign companies do the job. 
However, these dependencies between nations could turn out 
to be problematic at national level. For example, in the UK a too 
strong dependence on foreign actors may result in a loss of 
legitimacy and political support, as domestic incentives for 
offshore wind primarily lead to the building up of an offshore 
wind industry abroad. This situation would then have serious 
impacts on entrepreneurial activity in all countries but espe- 
cially in the Netherlands and Denmark, which in 2011 did not 
have a very strong offshore wind home market. German 
entrepreneurial activity would probably be less affected. The 
rather complete European offshore wind TIS may then turn out 
to be vulnerable due to these strong interdependencies. 


In that view we evaluate the function F1 Entrepreneurial 
experimentation at the level of: moderate (3) in the UK, 
excellent (5) in Germany; and (conditionally) strong (4) in the 
Netherlands* and in Denmark. Even though these are high 
scores, we suggest that there are more entrepreneurial experi- 
ments needed in all four countries to reduce risks and increase 
experience in the field. 


4 This score is to acknowledge the Dutch entrepreneurial activities abroad in 
the absence of strong domestic market. The function Market formation is assessed 
in the later part of this report. 


300 AJ. Wieczorek et al. / Renewable and Sustainable Energy Reviews 26 (2013) 294-306 


Table 2 
Number of knowledge institutes and scientific publications on offshore wind by the 
UK, Danish, Dutch and German actors (1994—2010)*. 


Country Total no of Total no of Most important organisations 
organisations publications (incl. number of publications 
and national percentage) 
UK 170 451 Univ Durham (21, 5%) 
Univ Strathclyde Scotland (18, 4%) 
Univ Oxford (16, 4%) 
Denmark 66 236 Risø Natl Lab (68, 29%) 
Univ Aalborg (33, 14%) 
Tech Univ Denmark (32, 14%) 
Netherlands 43 140 Delft Univ Technol (44, 31%) 
Univ Utrecht (13,9%) 
ECN (13, 9%) 
Germany 194 426 Univ Bremen (28, 7%) 


Leibniz Univ Hannover (23, 5%) 
Alfred Wegener Inst Polar & 
Marine Res (22, 5%) 


* In multi-organization papers a joint paper by two research organizations from 
the same country is computed once in the country profile and once for each of the 
author organizations. 


Table 3 
Most important patent classes relevant to offshore wind. 


Patent code Description 

FO3D Wind motors 

B63B Ships or other waterborne vessels; equipment for shipping 
BO1D Separation 

HO2K Dynamo electric machines 

FO3B Machine or engines for liquids 

E21B Earth or rock drilling 

E02B Hydraulic engineering 

FI6L Pipes; joints or fittings for pipes 

B29C Shaping or joining of plastics 


4.2. Knowledge development (F2) 


To evaluate the knowledge developed in the four analysed 
countries we studied the number and the type of actors involved 
in the knowledge development (knowledge institutes vs. indus- 
trial parties), as well as the type of knowledge developed (tacit or 
codified). The data is based on academic publications, patent data 
and interviews with experts of the field. 

The main knowledge institutes that perform research on off- 
shore wind in the four analysed countries are listed in the Table 2. 
It provides an overview of: (i) the total number of knowledge 
institutes per country, (ii) the total number of publications on 
offshore wind per analysed country, and (iii) the top three 
organisations publishing in the field per country including the 
number of publications per institute and the national percentage. 

The total number of knowledge institutes involved in publish- 
ing in both Denmark (66) and the Netherlands (43) is much lower 
than in Germany (194) and the UK (170). However, the Danish and 
the Dutch knowledge institutes rank highest internationally in 
terms of the number of publications on offshore wind. In parti- 
cular, the Danish Ris@ National Lab for Sustainable Energy and the 
Dutch Delft University of Technology (TU Delft) excel in their 
number of journal articles per institute (68 and 44 respectively). 

To study the type of actors involved in the knowledge devel- 
opment a list of educational organisations giving courses dedi- 
cated to renewable energy, and wind in particular is shown in 
Table 6 (in Section 4.6). The list is long and growing in both 
educational categories: vocational and academic. However, only a 
small number of programmes specialise in the particular needs of 
the offshore wind sector (these are marked with a%*). 


This overview does not include organisations that offer individu- 
ally arranged courses (such as PhDs). 

To study the knowledge infrastructure in offshore wind we also 
identified patents by the keywords offshore wind. Table 3, presents 
an overview of the most important patent classes in offshore wind. 

Most patents are classified in the area FO3D (wind motors) and 
the large majority of these patents were filed after 2002. For 
illustration, Fig. 3 shows the amount of wind motor patents from 
Vestas over time. 

In the patent class FO3D, the main companies involved in 
manufacturing wind turbines according to the EPO patent analysis 
are General Electric (US) with 453 patents, Vestas (DK) with 344 
patents and Siemens (DE) with 193 patents but there are also 
many new entrants in these areas who experiment with new 
designs and in doing so make the field very dynamic. The UK and 
Dutch organisations are not dominant players in this respect and 
no significant patenting activity comes from universities in any of 
the four countries under study. 

Interviews with various offshore wind actors revealed that it is 
the engineering knowledge that drives the offshore wind innova- 
tion system. This knowledge is produced by companies and is 
often not patented nor published [16,17,19,22-25]. For example, 
many German firms are world leaders in dedicated R&D, ground- 
breaking wind turbine and other wind technology development, 
and implementation of advanced offshore wind technology. Ger- 
many was the first country in the world to install an offshore 
4.5 MW wind turbine in 2002: the Enercon E-112. Enercon later 
decided not to enter the offshore market. Another two offshore 
dedicated wind turbines were installed in 2004: the REpower 5 M 
and Multibrid M5000. In 2005 Aerodyn Energiesysteme devel- 
oped a third 5 MW wind turbine for BARD within a record nine- 
month period, of which two prototypes were installed in 2007. 
Also innovative foundations were developed by REpower and 
Weserwind (jacket), and BARD (tripile) [19]. Because of the tacit 
character of this knowledge, and for reasons of not losing their 
competitive advantage, companies do not codify nor eagerly 
share this knowledge [16,19,26-28], which makes its analysis 
very difficult. 

The above data shows that there are enough competent actors 
that can develop both codified as well as tacit types of knowledge 
in all four analysed countries. From the perspective of national 
TISs, however, there are two points of attention. Firstly, the 
differences in concentration of codified knowledge production 
may imply for the UK and Germany the possible risk of insufficient 
focus and critical mass because of the distribution of resources in 
knowledge development. In Denmark and the Netherlands the 
likelihood of insufficient diversity and variety in scientific knowl- 
edge development might exist. As much as the dispersed model is 
useful for the training of future engineers all over the country, 
it may not be sufficient for the provision of advanced education 
that is closely linked with research [29]. A concentrated model 
may lead knowledge development in the field more efficiently, and 
make it more visible and accessible to companies who want to 
cooperate. A minimal amount of focus and critical mass is also 
necessary to contribute to and compete in the international 
knowledge development. 

In the opinion of the interviewed stakeholders the level of 
knowledge developed in Europe on offshore wind is sufficient 
[22,23,30-35]. They also agree that the research focus should now 
shift to making the technology cost effective, particularly in 
relation to wind turbines and cables. The interviewees also 
emphasised that although companies do not eagerly share their 
know-how, there is good access to the European pool of knowl- 
edge on offshore wind. 

Based on this analysis we evaluate the function F2—knowledge 
development at the level of excellent (5) in Denmark, strong (4) 
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Table 4 
Renewable energy targets per country. 


2020 National renewable 
electricity target (%) 


Country 2020 Renewable energy 


target (Dir. 2009/28/EC) (%) 


Netherlands 14 35 (under consid.) 5.2 
UK 15 30 13 
Germany 18 30 10 
Denmark 30 13 
EU27 20 44 


in the Netherlands (to acknowledge publications) and in Germany 
(to acknowledge patents) and moderate (3) in the UK. 


4.3. Knowledge diffusion (F3) 


To asses if there is enough knowledge exchanged between 
different actors' groups e.g. science and industry, or users and 
industry, and across geo borders, we looked at the number and 
type of networks and tried to assess the general accessibility of 
knowledge. We complement our findings on tacit knowledge 
diffusion with insights from actors’ surveys. 

The structural analysis of different types of networks demon- 
strated that knowledge networks based on collaboration on 
journal articles are not very extensive. Based on an analysis of 
the Cordis database, Fig. 4 shows that the UK, Denmark, the 
Netherlands and Germany are most active collaborators on 
research projects in Europe. All four countries have strong national 
research networks (such as the UK Crown Estate's Offshore Wind 
Accelerator [36], Renewables Innovation Network [37], Dutch Far 
and Large Offshore Wind (FLOW) project [38]), the German Center 
for Wind Energy Research Forwind [39]. 

Fig. 4 presents a European collaboration network of organisations 
aggregated on country level. Its form emphasises the centrality of the 
different nodes/actors in the network and shows that the UK, 
Denmark, the Netherlands and Germany are clear leading collabora- 
tors in the field in Europe (the four largest circles in the figure). 

Fig. 5 further specifies organisations that collaborate mostly on 
European projects (Ris@ (DK), ECN (NL), TU Delft (NL), Aalborg 
University (DK), Vestas (DK), University Oldenburg (DE), Univer- 
sity Edinburgh (UK)). The project collaborations show, in addition 
to the main organisations involved in journal publications, also a 
large number of companies and research organisations that do not 
publish but do collaborate in projects (Vestas (DK), Dong (DK), 
Lloyd (DE), Garrad Hassan and Partners (DE), etc.). 

There are very strong lobby and industrial networks in all 
analysed countries [31]. A good network is seen as critical for 
making the new project bankable and finding a sufficient number 
of partners [28]. In general there is, therefore, a sense of a 
relatively good level of knowledge diffusion in the offshore wind 
sector. Parties know each other and, if necessary, through partner- 
ships and common projects they have the possibility to gain access 
to each other's knowledge [24,40-45].° In Denmark the Offshore 
Centre Denmark (OCD) plays a particularly important role in the 
process of bringing incumbents and start-ups together at common 
events and pre-arranged meetings [33]. However, as mentioned 
before, the sharing of technological knowledge is not fully public 
and freely accessible because companies are wary of losing their 
competitive advantage. This is reflected by increasing efforts to 
protect innovations by patents. 

We assess the function F3—knowledge diffusion in Denmark 
and Germany as excellent (5), strong in the Netherlands (4) and 
moderate in the UK (3). 


3 See for example [61]. 


2020 Projected offshore wind 
capacity acc. to NREAP (GW) 


2020 Projected share of offshore wind in total 
renew. Electricity (based on NREAP data) (%) 


4.4. Guidance of the search (F4) 


To assess guidance of the search we have analysed the type of 
actors and their activities that influence guidance of the search; 
impact of informal institutions on the direction of the search (the 
level of governmental commitment, presence and reliability of 
policy goals and vision, expressed expectations); and formal 
institutions (presence and quality of regulatory regimes, policy 
instruments and permitting procedure). 

Table 4 presents an overview of national renewable energy 
targets per country. 

In the German NREAP, the German government is expecting to 
achieve a share of 19.6% renewable energy in total energy consump- 
tion. The overachievement of 1.6% is an expectation based on current 
developments but is not considered a national target. As part of the 
overall renewable target, Germany's federal goal [46] is to achieve 
30% of its electric power generation from renewable energy sources 
by 2020. According to the German NREAP renewable electricity as 
the percentage of total electricity production grows from 10.2% in 
2005 to 38.6% in 2020, an overachievement of 8.6%. 

The German government has currently the most clear and 
relatively consistent commitment to offshore wind among the four 
countries. In particular its decision to phase out nuclear power in 
the next 20 years® serves the large-scale renewable market well, in 
which offshore wind has a significant share [47]. This commitment 
provides entrepreneurs with great security with respect to plan- 
ning and investing [22]. It also makes German firms such as 
Siemens, Hochtief, OWT, PNE international market leaders 
[22,23,48]. 

Denmark has a new government (started autumn 2011) [67], 
which wants to set the goal to 50% of energy from wind and other 
alternative energy sources.’ This raises hopes among the offshore 
wind industry for better times [26,30,31,33] and high taxes on coal 
and gas [35]. 

In the UK, offshore wind is a crucial element of the govern- 
ment's plans to reduce the carbon intensity of the power sector, 
increase energy security and provide affordable energy to con- 
sumers [27,43,44,49-51]. In the Netherlands the current govern- 
ment, is not seen by stakeholders, as one that has vision or 
strategy, nor does it provide a stable framework for any renewable 
activities [15,34,52,53]. The guidance of the search provided by the 
government on the development of the domestic market for 
renewables is almost absent [54]. The 5.2 GW offshore wind 
capacity in the Dutch National Renewable Energy Action Plan 


6 The plan concerns 17 of its nuclear power plants, which have met around 20% 
of its electrical power. 

7 At the moment of finalizing this paper the New Danish Energy Agreement 
outlined the framework for the Danish climate and energy policy until 2020 and 
the direction until 2050. According to this agreement CO» emissions in 2020 will be 
34% less than they were in 1990. Energy consumption will decrease by 12% in 2020 
compared to 2006. Around 35% of the country's energy will come from renewable 
sources and almost 50% of electricity will come from wind. It has also been decided 
to build a total of 3300 MW new wind power. A part of it are two new large 
offshore wind farms at Kriegers Flak between Denmark and Germany (600 MW) 
and at Horns Reef off the west coast of Jutland (400 MW) [68]. 
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Table 5 
Offshore wind policy instruments in the four analyzed countries. 


Country Main policy instrument Other financial incentives 


Netherlands Feed-in premium 


UK Renewable Obligation Certificate 
(ROC) 
Germany Feed-in tariff Soft loans via KfW (state owned bank) funding 
programmes 
Denmark Feed-in tariff 


(NREAP) will most likely not be realised since in 2011 the 
government moved its focus from relatively expensive electricity 
options such as offshore wind to cheaper renewable options (at 
least per kWh of final energy produced) such as biogas and 
geothermal heat. Still Dutch constructors do belong to the group 
of international market leaders but, contrary to the German firms, 
they are not backed by the national government and a strong 
home market. This holds considerable future risks for the Dutch, in 
case Germany and the UK continue to support national industry. 

The national policy goals expressed in the NREAPs and driven 
by the common EU goals on climate change differ per country. 
Even though some of our interviewees doubt whether the goals 
will be realised.® Still, from the guidance perspective the goals do 
constitute relatively stable drivers for the development of the 
offshore wind system in the four analysed countries and Europe as 
a whole. They also provide space for industrial activities, as an 
outcome of which, there emerge common expectations of a large 
market and huge potential. 

What the goals do not do is provision of any guidance with regard 
to grid improvements [15,30,32-35,41,42,55]. There are different 
circumstances regarding grid integration in the four analysed coun- 
tries. The national governments lack a consistent and coordinated (at 
the European level) vision on how improvements in reliability and 
integration of the grid should be carried out [15]. At the same time, 
there is a strong need to develop a pan-European grid and a cross- 
Europe regulatory framework and trade policies [2]. Stakeholders 
believe that a coordinated effort in this respect will strongly drive 
the development of a European offshore wind. Currently the EU took 
some preliminary steps towards harmonised grid integration mea- 
sures. The first being a memorandum of understanding that was 
signed by ministers from 10 EU countries to develop an offshore grid 
that would serve entire Northern Europe. 

Overall, we conclude that the European goals provide a strong 
guidance for the offshore wind system development. At the 
national level, Germany, due to the commitment of the govern- 
ment and a feed-in tariff that functions well, has the strongest 
(5) guidance of the search (function 4). The UK is evaluated at the 
level of: strong (4), Denmark: moderate (3) while the Netherlands 
as weak (2) due to a non-existent guidance by government but a 
strong one by the industry. 


4.5. Market formation (F5) 


To evaluate market formation in the four analysed countries we 
have looked into the size of the market (installed capacity, wind 
parks consented and planned) and the supporting incentives. 

As can be seen from Fig. 6, the UK with 1586 MW has the most 
grid connected wind capacity next to another 4308 MW under 
construction [3]. UK is also considered the largest global market 


8 The interviewees do not believe in the power of non-compliance mechanisms 
(e.g. [32,40]). 


Fiscal investment deduction scheme 


Current support [€/MWh] [14] 


Tender outcome (if any) 

122.2 €/MWh certificate price for 2ROCs 

57.9 €/MWh market price for electricity incl. LEC=180.1 
€/MWh 

35 €/MWh basic tariff 

130 €/MWh initial tariff 

20 €/MWh sprinter bonus (start up until 1 Jan 2016) 
Tender outcome (if any) 


for offshore wind [27,43,44,49]. In Germany offshore wind is 
developing into an extremely attractive market. Although the 
amount of grid connected projects is still modest (195 MW at 
the end of 2011), the summed capacity of consented projects is by 
far the greatest of all four countries analysed. Markets in both 
countries constitute the most profitable offshore wind develop- 
ment areas in the financial attractiveness ranking [56]. 

At the end of 2011, Denmark has the second largest grid 
connected offshore wind capacity (854 MW). In 2012 the 400 MW 
Anholt wind farm operated by Dong is added. The next step will be 
the erection of six demonstration wind turbines in Fredericshavn in 
2013. Compared to the UK and Germany, Denmark, however, does 
not have detailed long-term plans for developing Danish offshore 
wind capacity beyond 2013. The Dutch market is also very limited 
with no new farms in the pipeline. Still, three large capacity wind 
parks of total 1.8 GW (Bard 1 and 2 and Q10) were already consented 
and their construction is planned for 2012/2013. Feed-in budget for 
these farms, however, were already decided upon by the government 
that fell in February 2010. The likelihood that other consented Dutch 
projects will finally be built is therefore very small. 

There is a great diversity in financial incentives and policy 
instruments applied in various countries (see Table 5). Many inter- 
viewers consider this diversity a serious barrier [22,23,25,41,42,53]. 

The UK development of offshore wind is being driven by the 
Renewable Obligation Certificates (ROCs) regulation. Within the 
scheme energy companies are obliged to provide defined amounts 
of renewable energy. Failure incurs a fine, which is transferred as 
revenue to others who do meet the requirements. That means that 
there is no fixed price per ROC. There is, furthermore, hardly any 
offshore wind related manufacturing capacity in the UK and the 
risk for the UK is that Germany may very soon take over the 
leadership with regards to the size of the market. 

The amount of compensation in the German feed-in tariff 
follows the principle of cost-covering compensation and is based 
on the specific electricity production costs. The plant operator 
receives the feed-in tariff from the grid operator. Compensation 
payments are distributed equally to all operators and passed on to 
the electricity consumers (i.e. the feed-in tariff is not paid from the 
state budget). The feed-in tariff is granted for 20 years and there is 
no annual cap. 

The Dutch feed-in premium (Stimuleringsregeling Duurzame 
Energie+, SDE+) is the follow up regulation of the SDE. The “old” 
SDE for offshore wind was based on (cost-effective) ranking of 
competing offshore wind projects (given a limited subsidy budget 
for offshore wind). In the new SDE+ all renewable energy 
technologies together need to compete for one (limited) budget. 
This implies that in the new situation offshore wind has to 
compete with lower cost renewable energy technologies. 

The most important incentive to promote offshore wind in 
Denmark is fixed feed-in tariff available for wind parks established 
via a governmental tender process, where the required tariff is a 
part of the bidding from the various operators. Currently there are 
no open tenders for offshore wind in Denmark. 
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Based on these considerations we conclude that the Nether- 
lands and Denmark, without further steps, are in a danger of losing 
market shares at a European level. Denmark, due to low increase 
in installed capacity and consented projects and no detailed long- 
term vision of the government; The Netherlands, due to lack of 
projects being in the pipeline and a lack of level playing field for 
offshore wind developments compared to cheaper renewable 
energy technologies. We evaluate the function F5 market forma- 
tion: in Germany at the level of excellent (5), in the UK as strong (4), 
while in Denmark and in the Netherlands as weak (2). 


4.6. Resource mobilisation (F6) 


To assess the function resource mobilisation we have studied 
the availability of financial resources, of competencies and exper- 
tise, and of physical infrastructure. 


4.6.1. Financial resources 

Until now the availability of financial resources (capital costs) 
has not been very problematic. However, availability of funds 
(capital costs and R&D funds) does create a significant barrier 
[15,17,22,23,27,28,31,32,35,44,45]. Due to the economic crisis in 
2007 banks have decreased their loans which makes many 
projects financially unviable. This implies that increased numbers 
of banks and (international) financial organisations need to be 
involved in the financing of one project and a number of insurers 
to take the risk on board [14,17,28,57,58]. This has particular 
implications for the great number of consented and planned wind 
farm projects (as depicted in Fig. 6). Also the funding for non- 
nuclear energy R&D proposed in the EC's 2014-2020 budget is very 
small and considered insufficient to achieve the EU's 20202 
renewable and climate targets [58]. 

Germany and the UK seem to have the most certain financial 
situation of all four countries. The financial certainty in the UK is 
assured until 2014, with an average of €2,3 bn p/a (GBP 2 bn p/a). 
In expectation of a big market and following the ambition of the 
UK government to make offshore wind a part of the UK renewable 
energy mix—work started on identifying additional sources of 
capital that would allow for funding the Round 3 projects (2017- 
2022) [69]. The UK also allocated significant investments to the 
development of harbour infrastructure. It is a similar situation in 
Germany. Amongst the reforms the government confirmed that 
the state-backed KfW infrastructure bank will provide up to €5 bn 
of financing to 10 offshore wind farms, and also announced that 
the planned reduction in subsidies for offshore wind developers 
will be delayed from 2015 to 2018 [70]. 

In Denmark there are many pension funds who invest a great 
deal in wind (financial and industrial investments) [71]. They see a 
long-term profit from such investment because wind turbines are 
considered very reliable and wind is generally perceived as a safe 
business. By comparison, in the UK there is not enough confidence 
in technology (wind turbines are expensive so low-risk wind 
turbines are preferred) which causes many pension funds to be 
locked-in, financing traditional big infrastructural projects [45]. 
These projects are seen by the pension funds as more reliable than 
the renewable offshore projects, so the UK Prime Minister needs to 
call on investment, pension and sovereign wealth funds to back 
offshore wind projects [72]. 

In the Netherlands two large offshore wind farms are going to be 
constructed in 2012/2013, but the perception remains that offshore 
wind is a very expensive option in the near future. Despite large 
subsidies from the Dutch government, wind power provides merely 
4% of Dutch electricity. The Dutch government is willing to invest in 
innovation to bring down the costs of offshore wind energy, but 
prices must come down considerably before large scale investments 


can again be supported. For the time being therefore, the govern- 
ment has stopped the subsidies for offshore wind power generation. 

Overall, to meet their national renewable targets all four 
countries will face financial challenges. Increased levels of invest- 
ments will be necessary for new wind farms and incentives for 
technology development (through R&D and demonstration), grid 
improvements and integration, harbours adjustments and devel- 
opment of clusters around the ports. 


4.6.2. Human resources 

Currently, offshore wind is an attractive, well-paid field in 
Germany and Denmark [23,26,30,33] but in the Netherlands young 
people are sceptical [15]. Also in the UK it still pays better to work 
for oil and gas than for the offshore wind sector [40]. This has very 
serious consequences for the UK who has a rapidly growing 
market but a quite underdeveloped domestic value chain. 
The UK faces a serious shortage of personnel with all types of 
offshore wind skills and experience: electrical, structural design, 
power engineers, construction and commercial managers and 
environmental specialists [59]. In the remaining three countries 
the situation is better, still various types of expertise are missing 
[25,27,40-43,48,53,60,61,66]. Denmark additionally expects a gen- 
eration gap when current professionals will have to retire, and 
there will be either too few new experts, or they will have little 
practical experience [33,53] Shortage of skilled labour makes 
companies educate personnel internally [16,17,23,24] or attract 
them from other companies. This serves for a relatively high level 
of mobility of offshore wind experts in Europe [22,35]. All four 
countries make attempts to address this problem by designing an 
increasing number of offshore wind educational programmes and 
courses (see Table 6). Denmark and the Netherlands are frontrun- 
ners in academic and polytechnic training. programme. 

There is also intensifying European collaboration on education, 
which is a sign of the need to harmonise and coordinate the 
system at the European level. The European Academy of Wind 
Energy (EAWE) provides many courses on offshore wind. EAWE is 
a registered body of research institutes and universities in Europe 
(the UK, Denmark, the Netherlands and Germany included) work- 
ing on wind energy research and development [73]. The training 
and educational programmes are thus quite recent and sill 
insufficient to the needs. Europe-wide cuts on funding for the 
higher education sector pose additional threats [58]. 


4.6.3. Physical resources 

With respect to physical resources, three issues repeatedly 
dominate the discussion in all four analysed countries: the reliability 
and cost of technology, availability of cables, deficiency of the grid 
infrastructure and problems related to grid connection [63]. 

Especially, grid stability and capacity is an enormous issue in all 
of Europe [15,22,23,26-28,30,32-35,41 ,42,53,55,80]. The European 
grid requires modification and renovation to be able to accept 
larger amounts of renewable energy [58]. There are also difficulties 
with securing grid access with financial implications relating to 
where the connection takes place. Trends suggest, for example, 
that linking wind parks into hubs before connecting them to the 
grid is less expensive than connecting them individually but no 
common grid strategy is as yet developed [64]. All four countries 
have works underway to improve their part of the grid. However, 
the indecisiveness of many national governments with regards to 
the future energy mix, and in particular the renewable share, 
makes any common action rather difficult [55,74,75]. 

Regarding cables' availability, there are issues with fluctuating 
copper prices and a general lack of, especially the high-voltage 
export cables [23,41,76,77]. Cable companies complain that cable 
orders for offshore wind farms come too late for them to timely 
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Table 6 
Organisations offering renewable energy courses relevant for offshore wind field.* 


Country Vocational courses 
level 
UK Nat Ren Energy Centre (NAREC) Univ of Exeter 
Univ of Cumbria? 
Univ of Birmingham 
Univ of Nottingham 
Northumberland college Univ of Dundee” 
Lowesift college” 
Falk Nutec> 
East Coast Training Services” 
Siemens? 
Denmark Danish Univ Wind Energy Training Business Academy South- 


(DUWET)? West? 
Offshore Center Denmark? 

Survival Training Center? 

AMU-Vest? 

Falck Nutec? 

Maersk Training Centre A/SP 

EUC Vest” 

Danish Wind Power Academy” 
Hoogeschool van Arnhem and Nijmegen 
(HAN)? 

Maritime Campus NL> 

NHL” 

ROC Kop Noord Holland? 

DUWIND” 

DHTC? 

Ascent Safety” 

Van Oord Academy” 

Hogeschool Den Bosch 

Education Centre for Renewable Energies 
(BZEE)? 

Ren Agency RENAC 

Deutsches Wind Energy Institute 


Netherlands 
(HAN)? 
Outsmart” 


Germany 


ForWind? 


Edwin Academy 

Univ of Kassel 

Deutsche WindGuard> 

Falck Nutec> 

Moog 

GL Garrad Hassan? 

World Wide Energy Institute 


European/ 
International 


* Based on Ref. [62] and websites of the organizations accessed on 2 Feb 2012. 


Academic/polytechnic BSC Academic/polytechnic MSc level 


Delft Univ of Techn> 
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Academic/polytechnic PhD 


Cranfield University” UK Energy Research Center? 
Loughborough Univ 
Swansea Univ 

Univ of Birmingham 
Univ of Centr Lancashire 
Univ of Dundee” 

Univ of Edinburgh> 

Univ of Exeter? 

Univ of Leeds 

Univ of Nottingham 
Aalborg Univ? 

Techn Univ Denmark? 


Univ of Dundee” 
Univ of Central Lancashire” 


University of Strathclyde? 


Risø” 
Techn Univ Denmark? 


Delft Univ of Techn? Delft Univ of Techn? 


Aachen Univ of Applied Sciences Oldenburg Univ 
Univ Stuttgart? 
Vestas (professorship)? 


Schleswig Holstein 


Univ of Applied Sciences 
Bremerhaven 


Univ of Flensburg (professorship)? 
Univ of Hanover Univ of Applied Sciences 
Univ of Kiel Hamburg 


Univ of Oldenburg 

Univ of Applied Sciences Hamburg 
Univ of Applied Sciences 
Saarbrücken 


European wind energy Master 
(EWEM) 

(4 techn Univ in North Europe)? 
EUREC & 8 Univ 

Siemens? 

European Academy of Wind Energy 
EAWE” 


> Denotes that the organisation gives a dedicated offshore wind module, specialisation or introduction within their educational programmes portfolio. 


and economically deliver the order. This often makes the costs of 
wind farm project suddenly higher than anticipated [40]. 

Scarcity of vessels is not found to be very problematic at the 
moment of analysis. However, many interviewees emphasised that 
innovations are needed to adjust the vessels for operation in 
deep waters ( >50 m), and for performance of a variety of tasks 
[16,17,24,27,40,41]. Presently around 50-60 different types of 
dedicated vessels are needed for one farm installation. In the 
future, if the offshore wind system develops, the scarcity of 
specialised, deep water vessels may therefore become a serious 
constraint [78]. 

Finally, all countries also have a good harbour capacity, parti- 
cularly the Netherlands, the UK and Denmark serving the oil and 
gas industry. However, almost all harbours need to be adjusted to 
be able to serve the offshore wind operations [3]. Some, such as 
Rotterdam, face societal opposition because their adjustment to 
meet offshore wind standards would imply territorial extension 


into the city and intensification of activities, entailing increased 
noise, transport and pollution. 

We assess function F6: resource mobilisation in the following way: 
financial resources in the Netherlands as weak (2), in Denmark 
moderate (3), in Germany and the UK strong (4). We rate human 
resources as strong (4) in Germany and Denmark, moderate (3) in the 
Netherlands, weak (2) in the UK. Physical resources: weak (2) in the 
UK and moderate (3) in the three remaining countries. 


4.7. Legitimacy creation (F7) 


To evaluate if there is enough creation of legitimacy we have 
analysed the level of resistance to technology, the perceived level 
of competition between technologies and the extent to which the 
formal and informal institutions increase legitimacy. 

In terms of legitimacy in specific countries, much depends on 
the extent to which offshore wind is needed to meet the national 
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renewables target. A second factor is the extent to which the 
national governments see offshore wind as a means to develop 
national industry and create jobs. In Germany and the UK, for 
example, the national visions, the support programmes and 
measures are the most developed. They are therefore considered 
by the interviewees as contributing most to increasing the 
legitimacy of offshore wind. Also Denmark (with the new greener 
government) sees offshore wind as a major future contributor to 
the national energy production [26,30,31,33,35]. In the Nether- 
lands: the lack of vision, absence of any consistent programme and 
poor subsidy scheme, are the factors most limiting the legitimacy 
of this renewable energy technology [15,34]. 

The informal institutions, especially the expectations regarding 
the robustness and availability of technology and markets, are in 
our view very optimistic. However, the technology will not have 
proven itself for another several years. If it does not, the failed 
expectations may create tensions. Risk perception is another issue 
that is of great importance for this very capital intensive sector. The 
increased levels of risk are due to lack of confidence in technology 
[42]. Banks are often risk-avoiding and therefore unwilling to 
finance wind farms comprising new wind technology without track 
record [17,25,27,53]. At the time of the financial crisis many banks 
lowered their offshore wind energy project funds making it difficult 
to install a wind farm without involvement of more financial 
organisations [28]. Furthermore, uncertainties about the grid con- 
nection and overall lack of alignment of the vision on grid 
improvements, additionally hinder the legitimacy creation. 

None of the analysed countries reveal any significant societal 
opposition to offshore wind farms as long as the wind turbines are 
not visible from the shore and there is no huge impact of construction 
on the local public [16,17,22,24-26,30,31,33,34,40,48,53,65]. We there- 
fore rate function F7: creation of legitimacy at the level of weak (2) in 
the Netherlands and strong (4) in the UK, Germany and Denmark. 


4.8. Comparison of overall system functioning 


Comparison of the functional pattern of the four offshore wind 
innovation systems (Fig. 7) reveals that entrepreneurial activities are 
relatively strong in all four countries but are strongest in Germany. In 
Denmark knowledge creation excels while the UK scores relatively 
low. Knowledge diffusion is strongest in Germany and Denmark but 
low in the UK. Market formation processes are by far the best in 
Germany, good in the UK but very weak, almost non-existent in the 
Netherlands and Denmark. Resources mobilisation is equally weak in 
all four analysed TISs, while legitimacy creation scores on average 
slightly higher. Still it is equally low in all four countries. 

Based on this analysis we can conclude that there is not only a 
strong need for, but in fact already an emergence of, a European 
offshore wind innovation system. Fig. 7 shows the extent to which 
the national TISs contribute to the European innovation system. A 
strong indicator of European system emergence is the visible 
complementary specialisation of the four countries in entrepre- 
neurial experimentation and knowledge creation. While in the 
national context this specialisation may have rather negative 
implications such as loss of national legitimacy or leakage of 
financial resources, from the European perspective it works to 
the advantage of the sector. 


5. Conclusions and challenges for the European offshore 
wind TIS 


Offshore wind technology holds the potential for tackling major 
energy issues, climate change problems and creating jobs and 
economic growth. However, to develop further, three innovation 
system's processes require particular policy attention. These 


processes include: resource mobilisation (as described by function 
F6), market formation (function F5) and legitimacy creation 
(function F7). The processes are hindered by either the absence 
or by the malfunctioning of the specific structural elements of the 
innovation systems. Based on our analysis we suggest that to 
support the formation of the European offshore wind innovation 
system, the following issues require prompt policy attention: 


First, is has become evident that national policies, instruments 
and regulatory frameworks differ strongly and are not aligned. 
Similarly, a uniform European grid strategy and electricity trade 
code is still lacking. A more European perspective on this 
industry, instead of individual national perspectives, would be 
beneficial for the offshore wind sector. 

Second, this emerging sector is experiencing shortages of 
skilled labour. This is most likely one of the most serious 
problems in the near future as the sector expands. The devel- 
opment of adequate training programmes proves to be a time 
consuming process but needs to commence now. 

Third, the costs need to be reduced and the reliability of 
offshore wind farms must increase. This will logically be the 
result of increased market size and cumulative learning experi- 
ences. However, due to the high capital costs and reduced 
liquidity of financial markets there is a clear trend towards 
avoiding experimentation with new designs and new construc- 
tion methods as it may increase risks. We observe that this 
technological field is too immature to avoid investing in 
innovative procedures and technologies. 

Fourthly, the grid infrastructure requires renewal with respect 
to better access and expansion to accommodate growing 
amount of renewable energy. Because of the lack of common 
European vision and coherent electricity market, grid issue is 
not only a technical obstacle but also an institutional barrier 
requiring a stable regulatory framework at the European level. 


We recommend that an orchestrated policy effort is applied, 
built around the above challenges, in order to strengthen the 
development and functioning of the European offshore wind 
innovation system. This would be essential for the diffusion of 
offshore wind technology in Europe and, in the long run to the 
achievement of the European 2050 vision of moving to a compe- 
titive low carbon economy [1,81]. 
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